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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
application JP2012-225090 filed on Oct. 10, 2012, the con-
tent of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device.

2. Description of the Related Art

As display devices for an information communication ter-
minal such as a computer or a television receiver, liquid
crystal display devices have been extensively employed. The
liquid crystal display device is designed to change an orien-
tation of a liquid crystal composition encapsulated between
two substrates according to a change in an electric field, and
control the degree of transparency of a light that passes
through those two substrates and the liquid crystal composi-
tion to display an image.

In the liquid crystal display device of this type, it is general
to use an illuminating device called “backlight” as a light
source. As an illuminating system of the backlight, there have
been mainly known a direct light system having the light
source on a rear side of a liquid crystal display surface, and a
side light system that reflects a light emitted from a side to
illuminate the liquid crystal display surface. In the liquid
crystal display device used for mobile communication termi-
nal devices such as cellular phones in recent years, since
downsizing and power saving are demanded, the side light
systems having light emitting diodes (LED) as a light source
are increasingly used.

JP 2008-216406 A discloses a radiator plate that radiates a
heat generated by light emission of the LEDs in the liquid
crystal display device of the side light system.

SUMMARY OF THE INVENTION

In recent years, the liquid crystal display device used par-
ticularly in the mobile terminals is demanded to be further
downsized and thinned, and even in the liquid crystal display
device of the side light system using the LEDs, a frame area
formed around a display area is demanded to be reduced.

The present invention has been made in view of the above
circumstances, and an object of the present invention is to
provide a liquid crystal display device using the backlight of
the side light system which reduces the frame area.

According to the present invention, there is provided a
liquid crystal display device, including: a light source; a light
source circuit board on which the light source is mounted, and
which electrically controls the light source; alight guide plate
optical system including a light guide plate having an inci-
dence plane from which a light emitted from the light source
is input, and outputting the light as a planar light; and a frame
that holds the light guide plate optical system and the light
source circuit board, and has a hole at a position of a light
source arrangement plane which faces the incidence plane in
which the light source is arranged, in which the light source
circuit board is located at the frame so that the light source is
arranged inside the hole from a rear surface side of the light
source arrangement plane.

10

15

40

45

55

2

Also, in the liquid crystal display device according to the
present invention, a thickness of the frame on the light source
arrangement plane may be determined according to a height
of the light source from the light source circuit board.

Further, in the liquid crystal display device according to the
present invention, the hole of the frame may be formed into a
tapered shape widened toward the light guide plate optical
system.

Further, the liquid crystal display device according to the
present invention includes a plurality oflight sources, and one
hole may be formed for each of the light sources, or one hole
may be formed for the plurality of light sources.

Further, in the liquid crystal display device according to the
present invention, the light source circuit board and the frame
may contact directly or indirectly with each other on respec-
tive surfaces so as to conduct the heat generated from the light
source, and if the light source circuit board and the frame
contact indirectly with each other, those members may con-
tact with each other through a resin containing a glass filler.

Further, in the liquid crystal display device according to the
present invention, a reflection sheet may be arranged on the
light source arrangement plane of the frame.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a diagram schematically illustrating a liquid crys-
tal display device according to an embodiment of the present
invention;

FIG. 2 is a cross-sectional view of a part of a lower frame
side in FIG. 1;

FIG. 3 is a perspective view of the part of the lower frame
side in FIG. 1;

FIG. 4 is a diagram illustrating a plurality of holes opened
in a light source arrangement plane of the lower frame in the
same viewing field as that of FIG. 3;

FIG. 5 is a diagram illustrating a situation in which a heat
generated by an LED is conducted in a configuration illus-
trated in FIG. 10;

FIG. 6 is a diagram illustrating a situation in which a heat
generated by an LED is conducted in a configuration illus-
trated in FIG. 2;

FIG. 7 is a diagram illustrating a first modified example of
this embodiment;

FIG. 8 is a diagram illustrating a second modified example
of this embodiment;

FIG. 9 is a cross-sectional perspective view illustrating a
part of a backlight module and a frame in the liquid crystal
display device according to a comparative example of the
present invention; and

FIG. 10 1s a cross-sectional view taken along a side surface
of the backlight module and the frame in FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

First, a structure of a comparative example of the present
invention will be described. FIG. 9 is a cross-sectional per-
spective view illustrating a part of a backlight module 800 and
a frame 912 in which the backlight module 800 is installed in
a liquid crystal display device using LED light sources of a
side light system according to a comparative example of the
present invention. As illustrated in FIG. 9, the backlight mod-
ule 800 includes a light guide plate optical system 810 includ-
ing a light guide plate, an optical sheet such as a diffusion
sheet, and a reflection sheet, LEDs (light emitting diodes) 823
which are light sources, and a light source control board 824
that has the LEDs 823 mounted thereon, and controls light
emission of the LEDs 823. Also, the light guide plate optical
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system 810 and the light source control board 824 are
installed in the frame 912 so as to input a light emitted by the
LEDs 823 from a side surface of the light guide plate.

FIG. 10 is a cross-sectional view taken along a side surface
of the backlight module 800 and the frame 912 in FIG. 9. As
illustrated in FIG. 10, since the light source control board 824
is longer than a thickness of the light guide plate optical
system 810 in a direction of the thickness, and a connector
825 that receives a control signal for controlling the LEDs
823, or the like, is placed on the light source control board
824, the frame 912 is formed into a U-shape which comes
around in a direction away from a bottom surface of the light
guide plate optical system 810. Also, in this comparative
example, because the light source control board 824 and the
LEDs 823 are arranged between the incidence plane of the
light guide plate optical system 810 and the frame 912, a
frame area as large as thicknesses of the light source control
board 824 and the LEDs 823 is required.

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.
In the drawings, the same or equivalent elements are denoted
by identical reference numerals or symbols, and a repetitive
description will be omitted.

FIG. 1 is a diagram schematically illustrating a liquid crys-
tal display device 100 according to the embodiment of the
present invention. As illustrated in FIG. 1, the liquid crystal
display device 100 includes a liquid crystal module 200 that
controls the transmission of a light output from a light guide
plate optical system 210 to be described later by an orienta-
tion of liquid crystal sealed between two substrates, and a
frame 110 that fixes the liquid crystal module 200. In this
example, the frame 110 has an upper frame 111 on a display
surface side, and a lower frame 112 on the light guide plate
optical system 210 side. In this embodiment, the upper frame
111 and the lower frame 112 are formed of respective differ-
ent components, but may be integrated into one frame.

FIG. 2 is a cross-sectional view illustrating a part of the
lower frame 112 side in FIG. 1. As illustrated in FIG. 2, the
light guide plate optical system 210 includes a light guide
plate 211, an optical sheet 212 that is fitted to the liquid crystal
panel side of the light guide plate 211, and formed of a prism
sheet or a diffusion sheet, and a reflection sheet 213 that is
fitted to an opposite side of the light guide plate 211. The light
guide plate optical system 210 is fixed to the lower frame 112.
With the above configuration of the light guide plate optical
system 210, the light input from an incidence surface 215 of
the light guide plate 211 is changed into a uniform planar
light, and output to the liquid crystal panel side.

An LED 223 which is a light source is placed on a light
source control substrate 224, and fixed to the lower frame 112
from a rear surface side of a light source arrangement plane
115 so as to be arranged in a hole 113 formed in the light
source arrangement plane 115 of the lower frame 112 which
is a surface facing the incidence surface 215 of the light guide
plate 211. The light output from the LED 223 enters the light
guide plate 211 from the incidence surface 215 of the light
guide plate 211, and is repetitively reflected on upper and
lower surfaces, and output from the light guide plate optical
system 210 toward the liquid crystal panel side as the planar
light. In this case, there is arisk that if the light output from the
LED 223 is reflected on an inner wall surface of the hole 113,
the reflected light affects the uniformity of the planar outgo-
ing light. Therefore, the thickness of the light source arrange-
ment plane 115 is designed so that the light is not reflected on
the inner wall surface of the hole 113. That is, the thickness of
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the light source arrangement plane 115 is determined accord-
ing to a height of the LED 223 or a divergence angle of the
outgoing light.

The light source control substrate 224 is fixed in contact
with the surface of the lower frame 112 for the purpose of
enhancing the radiation of a heat generated by the LED 223.
In particular, in this embodiment, a heat conductive member
225 is sandwiched between the light source control substrate
224 and the lower frame 112 to enhance the heat conductivity.
In this case, the heat conductive member can be made of, for
example, resin containing glass filler. Further, in order to
return the light output from the incidence surface 215 of the
light guide plate 211 to the interior of the light guide plate
211, a reflection sheet 228 is installed on the light source
arrangement plane 115. The LED 223 as well as various
electronic components including a connector 227 are placed
on the light source control substrate 224.

FIG. 3 is a perspective view of a part of the light guide plate
optical system 210, the lower frame 112, and the LED 223
including a portion of the cross-sectional view of FIG. 2. As
illustrated in FIG. 3, the light guide plate optical system 210
is arranged within the lower frame 112, and a plurality of
LEDs 223 are arranged in a plurality of corresponding holes
113 opened in the light source arrangement plane 115. The
lights output from the respective LEDs 223 are input to the
incidence surface 215 of the light guide plate 211 illustrated
in FIG. 2.

FIG. 4 is a diagram illustrating a plurality of holes 113
opened in the light source arrangement plane 115 of the lower
frame 112 in the same viewing field as that of FIG. 3. In this
embodiment, the same number of holes 113 as that of the
LEDs 223 are opened.

Therefore, according to the configuration of this embodi-
ment, a clearance for the light source control substrate 224
and the LEDs 223 is not required between the frame 110 and
the light guide plate optical system 210, and a side surface
(light source arrangement plane 115) of the frame 110 can be
brought closer to the light guide plate optical system 210 with
the result that the frame area can be reduced. Also, because
the frame 110 does not need to be formed into a U-shape that
covers the light source control substrate 224, the frame 110
can be thinned.

Also, since the number of bends of the frame 110 is reduced
to simplify the shape of the frame 110, processing costs
including mold costs can be suppressed. Also, the number of
occurrence of defective processed products can be reduced,
and a yield can be improved. Also, because the LEDs 223
which are the light sources can be replaced with fresh ones
without detaching the frame, it is possible to more easily deal
with repair or defects during manufacturing.

FIG. 5 is a diagram illustrating a path along which the heats
generated by the LEDs 823 are conducted in the configuration
illustrated in FIG. 10. As illustrated in FIG. 5, the heat gen-
erated in the LEDs 823 is propagated to the frame 912 made
of'metal high in the heat conductivity through the light source
control board 824, and propagated in a direction more away
from the LEDs 823 along the frame 912, thereby being radi-
ated. In this situation, because the frame 912 is formed into
the U-shape, the heat remains inside this shape, and the heat
is not efficiently radiated in the U-shaped portion.

FIG. 6 is a diagram illustrating a path along which the heat
generated by the LEDs 223 is propagated in the configuration
illustrated in FIG. 2 according to the present invention. As
illustrated in FIG. 6, the heat generated by the LEDs 223 is
propagated to the light source control substrate 224 as in FI1G.
5, and also propagated directly to the lower frame 112 made
of metal. As a result, the heat of the LEDs 223 which are the
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heat sources can be efficiently radiated. Also, the lower frame
112 to which the heat is propagated is not formed into the
U-shape in FIG. 5, but has a shape bent only once. Therefore,
the heat can be propagated and radiated to a position more
away from the LEDs 223. Accordingly, in the configuration of
this embodiment, the heat can be propagated in more direc-
tions from the LEDs 223, and the propagated heat is effi-
ciently radiated.

Accordingly, in the liquid crystal display device 100
according to this embodiment, because the heat is radiated
from the light sources in more directions, and the heat is
radiated directly to the frame 110 of metal large in radiation
effect, the heat generated by the light source can be efficiently
radiated. Further, because the number of bends of the frame
110 in the vicinity of the light sources is small, the heat can be
more efficiently radiated without remaining in the vicinity of
the light sources. In this way, because the deterioration in the
light sources is suppressed with the enhancement of the radia-
tion efficiency, an expected lifetime of the liquid crystal dis-
play device can be more lengthened.

FIG. 7 illustrates a first modified example of the above-
mentioned embodiment. In this modified example, a frame
312 has one hole 313 for two LEDs 323 in a light source
arrangement plane 315. In this modified example, two LEDs
323 are provided in one hole, but one hole may be used for
three or more light sources. The number of light sources for
one hole may be determined according to a size of the light
sources, or a thickness or strength of the frame 312, or may be
determined for an optical design reason, or other reasons.

FIG. 8 illustrates a second modified example of the above-
mentioned embodiment. Referring to FIG. 2, the thickness of
the light source arrangement plane 115 is determined accord-
ing to the height of the LED 223, or the divergence angle of
the outgoing light. On the other hand, as illustrated in FIG. 8,
a hole 413 of the second modified example is formed into a
tapered shape widened toward the light guide plate optical
system 210. With the hole 413 thus shaped, when an LED 423
which is a thin light source is particularly used, the light
output from the LED 423 can be prevented from being
reflected on an inner wall surface of the hole 413 while
maintaining the thickness of a frame 412 to keep the strength.

In the above-mentioned embodiment, the frame is divided
into the upper frame and the lower frame. Alternatively, even
when the upper frame and the lower frame are integrated
together to hold both of the liquid crystal panel and the back-
light module, if the light sources are arranged inside the hole
from the rear surface side of the light source arrangement
plane of the frame, the present invention can be applied to this
configuration. Also, in the above-mentioned embodiment, the
light sources are formed of the LEDs, but may be formed of
other self-luminous light emitting elements.

While there have been described what are at present con-
sidered to be certain embodiments of the invention, it will be
understood that various modifications may be made thereto,
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and it is intended that the appended claim cover all such
modifications as fall within the true spirit and scope of the
invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a light source;

a light source circuit board on which the light source is
mounted, and which electrically controls the light
source;

a light guide plate optical system including a light guide
plate having an incidence plane from which a light emit-
ted from the light source is input, and outputting the light
as a planar light;

a frame that holds the light guide plate optical system and
the light source circuit board, and has a hole at a position
of a light source arrangement plane which faces the
incidence plane in which the light source is arranged;
and

an electronic component positioned under the frame, the
electronic component being mounted on the light source
circuit board,

wherein the light source circuit board is located at the
frame so that the light source is arranged inside the hole
from a rear surface side of the light source arrangement
plane,

the frame has a bottom under the light guide plate,

the electronic component is positioned under the bottom of
the frame, and

the light source circuit board extends to a position lower
than the bottom of the frame.

2. The liquid crystal display device according to claim 1,
wherein a thickness of the frame on the light source arrange-
ment plane is determined according to a height of the light
source from the light source circuit board.

3. The liquid crystal display device according to claim 1,
wherein the hole of the frame is formed into a tapered shape
widened toward the light guide plate optical system.

4. The liquid crystal display device according to claim 1,

wherein the light source comprises a plurality of light
sources, the hole comprises a plurality ofholes, and each
of the holes is formed for each of the light sources.

5. The liquid crystal display device according to claim 1,

wherein the device comprises a plurality of light sources,
and the hole is formed for the plurality of light sources.

6. The liquid crystal display device according to claim 1,
wherein the light source circuit board and the frame contact
directly or indirectly with each other on respective surfaces so
as to conduct the heat generated from the light source.

7. The liquid crystal display device according to claim 6,
wherein the light source circuit board and the frame contact
with each other through a resin containing a glass filler.

8. The liquid crystal display device according to claim 1,
wherein a reflection sheet is arranged on the light source
arrangement plane of the frame.
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